for various doped graphene electrocatalysts.
Table S1 ORR exchange current density for different heteroatom doped graphenes. Since it is difficult to obtain the exact free energy of OOH, O, and OH radicals in the electrolyte solution, the adsorption free energy ΔG OOH* , ΔG O* , and ΔG OH* , which correspond to OOH*, O*, and OH* adsorptions on graphene cluster models are defined as follows:
Free En
The free energy for each step in Eqs. 9 can be related to Eqs. S1 by:
At equilibrium potential U 
Exchange Current density
According to reference [3] , the exchange current density for a certain electrocatalytic process can be theoretically calculated as follows:
where n is the electron transfer number, F is the Faraday constant, k 0 is the standard rate constant, α is the transfer coefficient (a measure of the symmetry of the potential energy can be related to K at the equilibrium :
where
and ΔG eq(9d) (U 0 ), hence:
in which ΔG eq(9d) (U 0 )=-0.977ΔG eq(9a) (U 0 )+0.696eV. The coverage θ for reductant R can be expressed by:
where C total is the sum of C o and C R , i.e. the total number of active sites. Therefore, the exchange current density can be calculated as follows: [8] 
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